Background We evaluated the safety and efficacy of ramucirumab plus paclitaxel versus placebo plus paclitaxel in patients previously treated for advanced gastric or gastroesophageal junction adenocarcinoma in Japanese and Western subgroups from the RAINBOW trial. Methods Patients received ramucirumab at 8 mg/kg or placebo (days 1 and 15) plus paclitaxel at 80 mg/m 2 (days 1, 8, and 15 of a 28-day cycle). End points were compared between treatment arms within Japanese (N = 140) and Western (N = 398) populations.
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Results The incidence of adverse events of grade 3 or higher was higher for ramucirumab plus paclitaxel in both populations (Japanese population, 83.8 % vs 52.1 %; Western population, 79.1 % vs 61.9 %). Neutropenia was the commonest adverse event of grade 3 or higher, with a higher incidence for ramucirumab plus paclitaxel (Japanese population, 66.2 % vs 25.4 %; Western population, 32.1 % vs 14.7 %). The incidence of febrile neutropenia was low and was similar between treatment arms in both populations. The overall survival hazard ratio was 0.88 (95 %
Introduction
Gastric cancer is the fifth commonest malignancy and the third leading cause of cancer death worldwide [1] . In Japan, gastric cancer is the second commonest malignancy [1] . Currently, platinum-based and fluoropyrimidine-based combinations have been established worldwide as first-line regimens for treatment of advanced disease [2] . However, treatment options have been limited after failure of firstline therapy, resulting in short survival [3] [4] [5] . The RAINBOW trial was conducted (at 170 investigative sites in 27 countries) to compare the efficacy and safety of ramucirumab plus paclitaxel (RAM ? PTX) with placebo plus paclitaxel (PL ? PTX) in 665 randomly assigned (intent-to-treat) patients with metastatic or unresectable, locally advanced gastric or gastroesophageal junction adenocarcinoma whose disease had progressed during or following first-line fluoropyrimidine-and platinum-containing chemotherapy. In this study, overall survival (OS), progression-free survival (PFS), and the objective response rate (ORR) were all improved with statistical significance in patients allocated to receive RAM ? PTX compared with patients allocated to receive PL ? PTX [6] .
Recent randomized clinical trials exploring second-line or later single-agent chemotherapy versus best supportive care or comparing two single-agent chemotherapies in gastric cancer have suggested better survival outcome in Japanese patients in comparison with Western patients [3, 4, 7] , although this is not a universal phenomenon in all Asian patients [5] . Differences in survival outcome between Japanese and Western patients with gastric cancer are well known, and the reasons have been widely speculated upon and include tumor biology, ethnicity, health care, insurance or reimbursement systems, and use of subsequent therapy [8, 9] . In this article, we compare the outcomes of Japanese versus Western patients in the RAINBOW trial.
Patients and methods

Study design and patients
The study design and procedures for RAINBOW have been previously published [6] . Eligible patients had metastatic or unresectable, locally advanced gastric or gastroesophageal junction adenocarcinoma and documented objective radiological or clinical disease progression during or within 4 months of the last dose of first-line platinum-based and fluoropyrimidine-based doublet therapy with or without anthracycline, and an Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 0 or 1.
Each center's institutional review board or independent ethics committee approved the study. The trial followed the guiding principles of the Declaration of Helsinki and the good clinical practice guidelines of the International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use. All patients provided written informed consent.
Treatment
Patients were randomly assigned, in a 1:1 ratio, to receive either ramucirumab at 8 mg/kg or placebo intravenously on days 1 and 15 plus paclitaxel at 80 mg/m 2 intravenously on days 1, 8, and 15 of a 28-day cycle [6] . Randomization was stratified by three factors: geographic region (region 1, Australia, Europe, Israel, and USA; region 2, Argentina, Brazil, Chile, and Mexico; region 3, Hong Kong, Japan, Singapore, South Korea, and Taiwan); time to progression (TTP) from the start of first-line chemotherapy (less than 6 months vs 6 months or more); and disease measurability (measurable vs nonmeasurable disease).
Statistical analysis
In this subgroup analysis, we compared treatment arms (RAM ? PTX vs PL ? PTX) within Japanese and Western (Australia, Europe, Israel, and the USA) populations.
The comparison between Japanese and Western populations was not part of the statistical analysis plan and was done on a post hoc basis.
For OS and PFS, survival curves were generated by the Kaplan-Meier method. The hazard ratio (HR) was estimated with the 95 % confidence interval (CI) by means of a Cox proportional hazards model stratified by TTP from the start of first-line chemotherapy and disease measurability. Post hoc exploratory analyses were also conducted to evaluate the impact of post-discontinuation systemic therapy (PDT) on OS, evaluating the patients with PDT and without PDT separately. ORR and disease control rate (DCR) were estimated with 95 % CIs. DCR was defined as the proportion of patients with complete response, partial response, or stable disease. For the patients with measurable disease, the percent change in tumor size from the baseline to the smallest postbaseline value is presented as a waterfall plot. Disease progression and tumor response were assessed by investigators in accordance with the Response Evaluation Criteria In Solid Tumors version 1.1. For every postbaseline assessment, European Organization for Research and Treatment of Cancer quality-of-life questionnaire (EORTC QLQ-C30, version 3.0) [10] scores were classified as improved or worsened if the patient's change from the baseline was 10 points or more (on a 100-point scale); a change of less than 10 points was classified as stable. The time to deterioration in ECOG PS was estimated from randomization to the first worsening to an ECOG PS of 2 or higher, and was analyzed with a Cox model. Efficacy, quality-of-life, and PS analyses included intent-to-treat patients in the Japanese and Western populations.
Safety analyses included patients who received at least one dose of any drug. Adverse events were graded in accordance with the National Cancer Institute Common Terminology Criteria for Adverse Events (version 4.02).
This trial is registered with ClinicalTrials.gov (identifier NCT01170663).
Results
Patients
The Japanese population consisted of 140 randomly assigned patients (RAM ? PTX arm, 68 patients; PL ? PTX arm, 72 patients). The Western population consisted of 398 randomly assigned patients from Australia, Europe, Israel, and the USA (RAM ? PTX arm, 198 patients; PL ? PTX arm, 200 patients). Figure 1 shows the trial profile in the Japanese and Western populations from RAINBOW. Baseline patient and tumor characteristics were generally balanced between the treatment arms within each population. Several characteristics were unequally distributed between the Japanese and Western populations ( Table 1) . The percentage of patients with the following characteristics was higher in the Japanese population: ECOG PS 0, TTP from the start of first-line therapy of 6 months or more, progression during first-line therapy, gastric cancer (vs gastroesophageal junction cancer), zero to two metastatic sites (vs three or more), presence of ascites, diffuse-type adenocarcinoma, and prior doublet treatment.
The median duration of study therapy in the RAM ? PTX arm was longer than in the PL ? PTX arm in both populations (Japanese population, 22.5 weeks vs 12.0 weeks; Western population, 16.1 weeks vs 12.0 weeks); the longer duration of treatment relates to the longer PFS in the combination therapy arm. The median relative dose intensity of ramucirumab was 97.6 and 98.6 % in the Japanese and Western populations, respectively.
The median relative dose intensity of paclitaxel in the RAM ? PTX arm was lower than that in the PL ? PTX arm in the Japanese population (73.6 % vs 91.4 %), and was similar in the Western population (89.7 % vs 93.5 %). However, the median cumulative dose of paclitaxel in the RAM ? PTX arm was higher than in the PL ? PTX arm in the Japanese population (1026 mg/m 2 vs 715 mg/m 2 ) and the Western population (802 mg/m 2 vs 599 mg/m 2 ).
Safety
The safety population in this subgroup analysis comprised 139 patients from Japan (RAM ? PTX arm, 68 patients; PL ? PTX arm, 71 patients) and 393 patients from the West (RAM ? PTX arm, 196 patients; PL ? PTX arm, 197 patients). The commonest treatment-emergent adverse events (TEAEs) of any grade occurring with a higher incidence in the RAM ? PTX arm compared with the PL ? PTX arm in both populations included fatigue, neutropenia, neuropathy, decreased appetite, and epistaxis ( Table 2 ). The incidence of TEAEs of grade 3 or higher was higher in the RAM ? PTX arm than in PL ? PTX arm in both populations (Japanese population, 83.8 % vs 52.1 %; Western population, 79.1 % vs 61.9 %). Neutropenia was the commonest TEAE of grade 3 or higher occurring with a higher incidence in the RAM ? PTX arm than in the PL ? PTX arm in both populations (Japanese population, 66.2 % vs 25.4 %; Western population, 32.1 % vs 14.7 %). The incidence of febrile neutropenia was low and similar between treatment arms (RAM ? PTX vs PL ? PTX) in both populations (Japanese population, 4.4 % vs 4.2 %; Western population, 2.6 % vs 1.5 %).
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With the exception of hypertension, all adverse events of special interest of grade 3 or higher were reported with an incidence of less than 5 % across treatment arms and populations ( Table 2 ). The incidences of grade 3 or higher bleeding/hemorrhage (Japanese population, 4.4 % vs 1.4 %; Western population, 4.6 % vs 1.5 %) and gastrointestinal perforation (Japanese population, 1.5 % vs 0.0 %; Western population, 1.0 % vs 0.0 %) were higher in the RAM ? PTX arm than in the PL ? PTX arm and were similar in both populations. Grade 3 proteinuria (RAM ? PTX vs PL ? PTX) was reported only in the Japanese population (4.4 % vs 0.0 %). Grade 3 hypertension was more frequently reported in the Western population (Japanese population, 4.4 % vs 0.0 %; Western population, 18.9 % vs 2.5 %). No grade 3 or higher proteinuria or hypertension was reported in the Japanese population or the Western population.
The percentage of patients in the Japanese population who experienced at least one serious adverse event was similar between the treatment arms (RAM ? PTX vs PL ? PTX) and lower than in the Western population 
Treatment discontinuation
Disease progression was the commonest reason for treatment discontinuation in both treatment populations ( Fig. 1 ): 88.2 and 84.7 % of patients in the Japanese population (RAM ? PTX arm and PL ? PTX arm, respectively), and 69.7 and 71.5 % of patients in the Western population (RAM ? PTX arm and PL ? PTX arm, respectively). The second commonest reason for treatment discontinuation was adverse events, occurring in 7.4 and 8.3 % of patients in the Japanese population (RAM ? PTX arm and PL ? PTX arm, respectively) and in 13.6 and 13.5 % of patients in the Western population (RAM ? PTX arm and PL ? PTX arm, respectively). Fig. 1 Trial profile for the RAINBOW Japanese population (a) and Western population (b). ITT intent to treat, superscript a one patient was randomized to the placebo group but received only one dose of ramucirumab, superscript b progressive disease-either radiographic progression or symptomatic deterioration
Post-discontinuation therapy
Whereas the rate of PDT was balanced between the two treatments arms in both populations, the rate of PDT was higher in the Japanese population (75.0 %) than in the Western population (37.2 %). Additionally, a greater proportion of patients in the Japanese population (25.0 % in the RAM ? PTX arm and 34.7 % in the PL ? PTX arm) Other 0 (0 %) 0 (0 %) 0 (0 %) 1 (0.5 %) 2 (1.0 %) 3 (0.8 %)
ECOG Eastern Cooperative Oncology Group, EGFR epidermal growth factor receptor, GEJ gastroesophageal junction, HER-2 human epidermal growth factor receptor 2, PD progressive disease, PL placebo, PTX paclitaxel, RAM ramucirumab a Time to PD is defined as the time from the start of first-line therapy until PD PL placebo, PTX paclitaxel, RAM ramucirumab a Consolidated TEAE terms comprise synonymous Medical Dictionary for Regulatory Activities preferred terms: fatigue includes asthenia; neutropenia includes decreased neutrophil count; neuropathy includes peripheral sensory neuropathy, paraesthesia, peripheral neuropathy, polyneuropathy, hypoasethesia, neuralgia, and dysesthesia; abdominal pain includes upper abdominal pain and lower abdominal pain; leukopenia includes decreased white blood cell; hypertension includes increased blood pressure, hypertensive cardiomyopathy, procedural hypertension, and systolic hypertension b Pooled adverse-event terms. Events pooled as gastrointestinal hemorrhage are also pooled as bleeding/hemorrhage. received fourth-line therapy or subsequent lines of therapy compared with in the Western population (13.6 % in the RAM ? PTX arm and 7.0 % in the PL ? PTX arm). The most commonly used chemotherapy agents in both populations included irinotecan, taxanes, fluoropyrimidines, and platinum compounds.
Efficacy
OS, PFS, and ORR for the Japanese and Western populations are summarized in Fig. 2 and Table 3 .
In the Japanese population, the HR for OS was 0.88 (95 % CI, 0.60-1.28). The median survival was 11.4 months [interquartile range (IQR), 7.9-19.4 months] in the RAM ? PTX arm versus 11.5 months (IQR, 4.8-18.9 months) in the PL ? PTX arm (Fig. 2a) . The 6-month survival rate was 94.1 % in the RAM ? PTX arm versus 71.4 % in the PL ? PTX arm in the Japanese population. In the Western population, the HR for OS was 0.73 (95 % CI, 0.58-0.91). The median survival was 8.6 months (IQR, 4.7-13.6 months) in the RAM ? PTX arm versus 5.9 months (IQR, 3.1-11.0 months) in the PL ? PTX arm (Fig. 2b) . The 6-month survival rate was 66.0 % in the RAM ? PTX arm versus 49.0 % in the PL ? PTX arm in the Western population.
The OS by PDT use is shown in Fig. 3 . Independent of the treatment arm, patients who did not receive PDT had shorter survival than patients who received any PDTs. In patients who did not receive PDT, there was a clear difference in OS between the two treatment arms (Fig. 3a, b) , whereas in patients who received any PDT, the difference in survival was smaller (Fig. 3c, d ) in both the Japanese population and the Western population. In the Japanese population, the median PFS was 5.6 months in the RAM ? PTX arm versus 2.8 months in the PL ? PTX arm (HR, 0.50; 95 % CI, 0.35-0.73; Fig. 2c ). In the Western population, the median PFS was 4.2 months in the RAM ? PTX arm versus 2.8 months in the PL ? PTX arm (HR, 0.63; 95 % CI, 0.51-0.79; Fig. 2d ).
In the Japanese population, the ORR was 41. (Table 3 ).
In the Japanese population, almost all of the patients in the RAM ? PTX arm had tumor size reductions, as did most of the patients in the Western population, as shown in the waterfall plot in Fig. 4 .
Quality of life and performance status
In the Japanese population, the percentages of patients reporting stable or improved quality-of-life scores were similar between the treatment arms at week 6 and at the end of treatment, but were higher in the RAM ? PTX arm than in the PL ? PTX arm at all other postbaseline assessments. In the Western population, the percentages of patients reporting stable or improved quality-of-life scores were higher in the RAM ? PTX arm than in the PL ? PTX arm for all on-study assessments, but were similar at the end of treatment. In the Japanese population, the data suggest a longer time to deterioration to an ECOG PS of 2 or higher for RAM ? PTX therapy, with a HR of 0.64 (95 % CI, 0.29-1.40). In the Western population, the HR for the time to deterioration to an ECOG PS of 2 or higher was 0.89 (95 % CI, 0.64-1.22).
Discussion
The safety profile of RAM ? PTX was comparable between the Japanese and Western populations and consistent with the safety profile seen in the RAINBOW overall results [6] . Neutropenia was one of the most frequently reported adverse events in both treatment arms, and the incidence in the PL ? PTX arm was within the range of that reported in other Japanese and Western trials with a similar paclitaxel dose and schedule [7, [11] [12] [13] . Neutropenia was commoner in the Japanese population, but this could be managed safely, as indicated by the longer median duration of therapy in the RAM ? PTX arm in Japanese patients, similar median relative dose intensity of ramucirumab in the two populations, and the low rates of discontinuation due to adverse events in the RAM ? PTX arm in both populations. A previous phase I study [14] (with limited sample size) showed no clear difference in the pharmacokinetics of ramucirumab between Japanese and Western patients, so the reason for bone marrow suppression is unclear. The current observations are consistent with previous studies reporting higher incidences of grade 3 or higher neutropenia associated with weekly paclitaxel therapy in Japanese patients than in Western patients [11-13, 15, 16] . Notably, the relative increase in the incidence of grade 3 or higher neutropenia when ramucirumab was added to paclitaxel therapy was similar between Japanese and Western patients, and the incidence of febrile neutropenia was low and similar between the arms in both populations. Proteinuria was commoner in the Japanese population; however, most of the events were mild and manageable. No nephrotic syndrome was reported in this study.
The pivotal phase III RAINBOW study demonstrated statistically significant benefits of RAM ? PTX versus PL ? PTX in OS (HR, 0.807), PFS (HR, 0.635), and ORR (28 % vs 16 %) [6] . In the present subpopulation analysis, benefits in PFS and ORR were observed in the RAM ? PTX arm compared with the PL ? PTX arm in Japanese and Western patients. A clearer survival benefit was observed in the Western population. The difference in OS was less clear in the Japanese subset, although the 6-month OS rate was higher in the RAM ? PTX arm..
A difference in survival benefit from biological agents in Japanese/East Asian (predominantly Japanese and South Korean) patients versus Western patients with gastric cancer has been previously reported in the AVA-GAST study, a randomized phase III trial evaluating bevacizumab in combination with first-line chemotherapy [17, 18] . Tumor biology (e.g., differences in plasma vascular endothelial growth factor levels and tumor neuropilin 1 expression) has been suggested as a possible explanation [17] . However, in contrast to the AVAGAST study, PFS and ORR benefits were seen in both the Japanese population and the Western population in the RAINBOW study. In addition, median survival in the PL ? PTX arm was longer in the Japanese population (11.5 months) than in the Western population (5.9 months) in our study. This is in accordance with previous studies in the first-line and second-line setting reporting better survival outcome in Asian/Japanese patients than in Western patients [3, 4, 7, 18, 19] . In the present study, there were differences between the Japanese and Western patients in some important baseline characteristics (such as ECOG PS, TTP with first-line therapy, and number of metastatic sites) indicating that the Japanese patients may have been healthier (with less tumor burden) at the start of the trial. This difference between these patient populations has been noted previously [19, 20] . Thus, patient characteristics may have contributed to the longer OS observed in the Japanese patients.
It is also possible that poststudy factors impacted the survival outcome in both populations. Whereas the use of systemic PDT was balanced between the treatment arms overall, there was a higher use of PDT in Japanese patients than in Western patients. The notably higher rate of PDT use in Japanese patients has been reported previously [19, 20] . The most commonly used chemotherapy agents in both populations are known to be active in gastric cancer, and their extensive use in the Japanese population, in particular, possibly decreased the relative survival benefit associated with ramucirumab [21] . This hypothesis is supported by exploratory survival analyses evaluating the impact of PDT use on survival. The OS difference between treatment arms was larger for patients who did not receive PDT than for patients who received PDT, and this was true for the Japanese and Western subgroups.
The quality-of-life analysis suggests that the benefits from treatment with RAM ? PTX were achieved with preserved or even improved quality of life in both Japanese and Western patients. In addition, these results suggest that patients treated with RAM ? PTX maintained their PS for longer in both populations.
The main limitation of these analyses is that the original clinical trial was not designed or powered to show significance in exploratory subgroups, and there was a relatively small number of patients in the Japanese population. Therefore, these results should be interpreted with caution.
In conclusion, the safety profiles of the RAM ? PTX arm were similar between populations, although there was a higher incidence of neutropenia in Japanese patients. PFS and ORR improvements were observed for RAM ? PTX therapy in both populations. 
